Abstract Depression and apathy are common among people living with HIV (PLWH). However, in PLWH, it is unclear whether depression and apathy are distinct conditions, which contribute to different patterns of disruption to cognitive processing and brain systems. Understanding these conditions may enable the development of prognostic indicators for HIV associated neurocognitive disorders (HAND). The present study examined substance use behavior and cognitive deficits, associated with depression and apathy, in 120 PLWH, using hierarchical regression analyses. Higher levels of depression were associated with a history of alcohol dependence and greater deficits in processing speed, motor and global cognitive functioning. Higher levels of apathy were associated with a history of cocaine dependence. It is recommended that PLWH get screened appropriately for apathy and depression, in order to receive the appropriate treatment, considering the comorbidities associated with each condition. Future research should examine the neurological correlates of apathy and depression in PLWH.
Introduction
Depression and apathy are neuropsychiatric complications of human immunodeficiency virus (HIV) with distinct clinical manifestations. Depression is a prominent neuropsychiatric disorder that is more common among people living with HIV (PLWH), as compared to uninfected individuals [1, 2] . Estimates suggest that the prevalence of current depression is between 30 and 40 % in this population [3] [4] [5] . Similarly, apathy, which refers to reduced, self-initiated, cognitive, emotional, and behavioral activity, is also commonly reported among PLWH [6] . Some studies suggest that apathy is more prominent in PLWH, than in HIV negative individuals, with rates as high as 65 percent in one sample [7] . While apathy had long been regarded as a symptom of depression (e.g. diminished interest or pleasure in activities, psychomotor retardation) [8] , research over the last decade suggests that the two conditions require distinct prognostic and therapeutic strategies [9, 10] . A major question regarding apathy's relationship with depression in PLWH, is whether it is simply a symptom of depression, or other psychiatric disturbance, or if it is a behavioral manifestation of a neurologic condition [11] .
Distinguishing between the two conditions can often be difficult because many individuals with depression present with symptoms of anhedonia and both conditions can be accompanied by dysphoria. Additionally, both conditions frequently co-occur in PLWH [11] [12] [13] . Furthermore, depression has been associated with reduced adherence to Antiretroviral (ARV) medication [14] . Though, apathy's effect on adherence has been less studied. One study suggests that higher levels of apathy may have negative effects on ARV adherence, among younger, but not older, PLWH [15] . Both conditions have been associated with functional impairment [13] . Though, higher levels of apathy have been associated with greater functional impairment, after adjusting for other covariates, such as depression [11] . Additionally, apathy has been associated with different neurocognitive deficits than depression, which may indicate central nervous system (CNS) involvement, independent of depression [16] . For example, PLWH with higher levels of apathy, tend to have deficits in executive functioning, learning, and cognitive flexibility [7, 17] . Depression has been associated with deficits in all domains of cognitive functioning in PLWH, but particularly, processing speed, learning, and memory [18] . One study of both conditions, in a sample of PLWH, indicated that apathy was consistently related to depression, but had no relationship with neuropsychological impairment, suggesting that there may be significant overlap in constructs and/or construct measurement [11] .
Predictors of depression and apathy among PLWH are also very different. Higher levels of depression among PLWH, have been associated with demographic variables (e.g., female sex, age range within adolescent years); behavioral or social indicators (e.g., men who have sex with men, low social support), and biological indicators (e.g., low antiretroviral (ARV) adherence, hepatitis C (HCV) [4, 19] . Previous literature suggests that depressed individuals with HIV are more likely to have had a history of alcohol abuse than non-depressed individuals with HIV [20] . Additionally, in a large sample of individuals in Haiti living with HIV, alcohol problems in the past year, were a significant predictor of depression [21] . Higher levels of apathy have been associated with positive HCV status, but not necessarily coinfection with HIV [22] . Additionally, lower levels of cognitive reserve, measured using a composite score which included years of education and word reading ability, was significantly associated with higher levels of apathy. Though, this relationship was moderated by CD4 nadir, in that individuals with nadir CD4 levels B200, demonstrated a stronger association than those with nadir CD4 levels [200 [23] . Furthermore, higher levels of apathy have previously been associated with higher HIV RNA [24] . Finally, having a history of cocaine dependence has been associated with apathy, in PLWH and in HIV negative samples [7, 12, 25, 26] . Apathy has been implicated as a potential early indicator of HIV Associated Neurocognitive Disorders (HAND), a category of disorders characterized by cognitive deficits, and may be present in those with asymptomatic disease, making it important to have tools in place that assist in screening in order to promote early intervention [27] .
Little is known about the differences in predictors of depression and apathy among PLWH. Additionally, it has not been established, if depression and apathy are predictive of cognitive deficits, and if so, which deficits. Thus, the study of depression, apathy and cognition, in this novel sample, will grant further insight into the relationship between these two conditions and HAND. If one or both of these conditions relates to HAND, it may signal that these conditions should be routinely screened for in clinical practice. This can potentially be done using the same measures used in this study. We hypothesize that: (1) a history of alcohol dependence will be associated with depression, but not apathy; and (2) a history of cocaine use will be associated with apathy but not depression. Furthermore, we hypothesize that (3) higher levels of apathy will be associated with executive functioning and learning deficits, whereas (4) higher levels of depression will be associated with deficits in processing speed, learning and memory. Finally, (5) higher levels of apathy will be associated with higher HIV RNA and lower CD4 nadir.
Methods

Participants
Methods for the current study have previously been cited [28, 29] . Participants were recruited from The Miriam Hospital Immunology Center as part of an NIH-sponsored study of HIV-associated brain dysfunction. The study was approved by the institutional review boards, and informed consent was obtained from each participant before enrollment. All participants underwent a neurological examination and thorough medical history assessment. One hundred twenty HIV infected participants were included in the analyses (63.6 % male, 54.6 % White, age range 23-65, 81.4 % had greater than a high school education).
Measures
HIV infection was documented by enzyme linked immunosorbent assay (ELISA) and confirmed by Western blot. Active HCV infection was defined as positive anti-HCV by ELISA and positive qualitative HCV RNA by polymerase chain reaction. Participants were excluded for history of (1) head injury with loss of consciousness C10 min; (2) history of neurological conditions including dementia, seizure disorder, stroke, and opportunistic infection of the brain; (3) severe psychiatric illness that might impact brain function, for example, schizophrenia, which was screened for using the Composite International Diagnostic Interview (CIDI) [30] ; and (4) current (6-month) substance dependence or positive urine toxicology screen for cocaine, opiates, or illicit stimulants or sedatives. Demographic and clinical characteristics of the participant population are presented in Table 1 . Mean duration of HIV infection was 12.6 years, and the majority (82.4 %) of the sample was on stable HAART. Most participants (70.7 %) had undetectable plasma HIV RNA (75 copies/mL). Despite an average nadir CD4 of 188 cells/mL, indicating a history of being immunocompromised, participants were medically stable, with an average current CD4 count of 464 cells/mL. Fortyfive (37.8 %) participants had active HCV infection.
Kreek-McHugh-Schluger-Kellogg Scale
The Kreek-McHugh-Schluger-Kellogg Scale [31] was used to assess lifetime alcohol and substance dependence. Using this classification system, respective rates of alcohol, cocaine, and opiate dependence were 49.6, 54.8, and 16.5 %, respectively.
Center for Epidemiologic Studies Depression Scale (CES-D)
Depression was assessed using the Center for Epidemiologic Studies Depression (CES-D) scale [32] . The mean CES-D score for the sample was 21.5, which exceeds the cut-off score [16] , indicating considerable depressive symptomotology in the current sample. The CES-D was used to measure clinically significant symptoms of depression [32] . Developed for use with community populations, components include depressed mood, feelings of worthlessness, sense of hopelessness, sleep disturbance, loss of appetite, and concentration difficulties. Subjects rate 20 items on a 4-point scale from 0 to 3 on the basis of the past week where 0 = rarely or none of the time and 3 = most or all of the time.
Frontal Systems Behavior Scale (FrSBe)
Participants completed the 14-item apathy subscale of the self-report version of the Frontal Systems Behavioral Scale [33] . The FrSBe was used to measure behaviors associated with frontal lobe brain damage. It has demonstrated validity in the assessment of behavioral dysfunction and disturbances associated with frontal-subcortical circuitry damage and traumatic brain injury. Ratings are on a Likerttype scale that ranges from 1 (''almost never'') to 5 (''almost always'') for each question. Higher ratings indicate more abnormal behavior (e.g., neglecting personal hygiene, leaving things unfinished). Raw scores were converted into age and education corrected T scores. T scores greater than 65 were considered clinically elevated, which is consistent with previous literature [13, 22, 34] . In the present sample, 36.6 percent met criteria for clinically significant apathy. The rate of comorbid depression and apathy was 67.3 %. The scale allows for retrospective ratings prior to the injury or illness (before) and for ratings following the injury or illness (after), creating a baseline measure with which to compare subsequent ratings. Participants were asked to provide retrospective ratings prior to the diagnosis of HIV infection (before) and current [42] . The present tests and domains are similar to those used in the Global Deficit Score (GDS), which has shown high validity in detecting HIV-associated neurocognitive impairment [43, 44] . Demographically corrected T-scores were calculated using established norms [35, 45, 46] . Domain composite scores were calculated by averaging the T-scores of all tests in the domain. Global cognitive functioning score was calculated by averaging the T-scores of all tests in the battery. Deficit scores were calculated for all domains and domain specific tests using a range of 0-5 for each encompassing cognitive test [0 (T-score [ 40, 1 (T-score \40), 2 (T-score \35), 3 (T-score \30), 4 (T-score \25), 5 (T-score \20] and then averaging the domain test scores, in order to calculate the total domain deficit score.
Data Analysis
Demographic, HCV and Substance Use Predictors
Multiple regression analyses were conducted in order to examine the effect of demographic predictors, current HCV and substance use variables on depression and apathy. Specific demographics of age, sex and race were included because there is a paucity of literature on these factors as predictors of depression and apathy. Furthermore, higher levels of depression and apathy have previously been associated with increasing age [47, 48] , so we wanted to examine if this relationship was consistent in a novel sample. HCV was included as a covariate because previous evidence suggests that it is significantly related to cognitive functioning, particularly learning and memory [29] . Raw scores for depression and apathy were used in order to examine predictive strength of demographic factors such as age, sex and race.
HIV Clinical Variables
Correlations between apathy, depression and HIV clinical variables (CD4, CD4 nadir, Viral Load (VL)) were examined.
Apathy and Depression Associations with Cognition
Hierarchical regression analyses were conducted with depression and apathy raw scores in order to examine unique and combined effects, as well as the effects after correcting for covariates. All five cognitive domains will be tested. The steps for entering into the model are as follows:
Step 1-depression Step 2-apathy Step 3-HCV. Steps 1 and 2 will be tested in the reverse as well, in order to determine the unique effect of apathy and the subsequent combined effects of depression and apathy. Only models with a significant Step 1 will be analyzed further.
Results
Substance Use and Demographic Predictors
The results are presented in Table 2 . The overall apathy model was significant (r 2 = 0.169, F(8,100) = 2.54, p = 0.015). Apathy was significantly associated with age (B = 0.190, SE = 0.091, Beta = 0.204, p = 0.039) and lifetime history of cocaine dependence (B = 4.445, SE = 1.950, Beta = 0.254, 
HIV Clinical Variables
Correlations were run examining whether HIV clinical variables (CD4, CD4 nadir, VL and VL detectable) were related to apathy or depression and were non-significant.
Depression and Apathy Associations with Cognition
The results of the cognitive analyses are presented as Beta values in Tables 3 and 4 . Higher levels of depression (r 2 = 0.174, B = 0.013, SE = 0.004, Beta = 0.329, p \ 0.01), but not apathy, predicted greater deficits in processing speed, even while correcting for apathy and HCV. Neither depression, nor apathy, predicted attention/working memory/executive functioning, learning, or memory or verbal deficits. Higher levels of depression, but not apathy, predicted greater deficits in motor functioning, while correcting for apathy and HCV (r 2 = 0.074, B = 0.020, SE = 0.008, Beta = 0.230, p = 0.020). Finally, higher levels of depression (r 2 = 0.186, B = 0.012, SE = 0.004, Beta = 0.289, p = 0.002) but not apathy, predicted greater deficits in global cognitive functioning, while correcting for apathy and HCV. Approximately, 58.1 percent of the sample met Frascati criteria for HAND [49] . Frascati criteria characterize HAND according to neuropsychological performance and level of functional impairment, using three levels of impairment: Asymptomatic Neurocognitive Impairment (ANI), Mild Neurocognitive Disorder (MND) and HIV Associated Dementia (HAD). ANI is defined by a score of at least one standard deviation below the mean, on at least two cognitive areas of standardized neuropsychological testing, without this deficit causing an observable functional impairment. MND is defined by a score of one standard deviation below the mean,on at least two cognitive areas of standardized neuropsychological testing,with at least mild impairment of functioning. HAD is defined by a score of at least two standard deviations below the mean, on at least two cognitive areas of standardized neuropsychological testing, with marked associated impairment in activities of daily living. In the present study, category of HAND could not be determined, due to lack of measurement of daily living functional impairment.
Post hoc Analyses
Exploratory regression analyses were performed on individual cognitive tests, within domains that were significantly associated with apathy or depression. Deficit scores for individual tests were used for analyses because these scores place less emphasis on average and above average performance, and greater emphasis on below average performance. Deficit scores were calculated by converting raw scores to T-scores using age, education, gender and race corrected norms and then converting T-scores to deficit scores using the ranges established by Carey and colleagues [43] . Higher levels of depression significantly predicted greater deficits on the digit symbol task (r 2 = 0.176, B = 0.015, SE = 0.005 Beta = 0.260, p = 0.006), and Trail Making Test Part A time (r 2 = 0.170, B = 0.017, SE = 0.004 Beta = 0.415, p \ 0.001), while correcting for apathy and HCV. Additionally, higher levels of Table 3 Depression and apathy as predictors of cognitive domains
Step 1
Step 2
Step 3 Table 4 Depression and apathy as predictors of cognitive domain specific tests
Step 2 Step 3 depression predicted greater deficits in the grooved pegboard task, related to drops, using the dominant hand (r 2 = 0.081, B = 0.021, SE = 0.009, Beta = 0.220, p = 0.025), while correcting for apathy and HCV.
Based on extant literature, which shows a relationship between apathy and cognitive outcomes [10, 17, 18] , we decided to examine whether it was moderated by age and cocaine use variables. In order to examine moderation effects, each cocaine use variable (frequency, duration, quantity, KMSK score) was centered and multiplied by centered apathy T-scores. Centering was done in order to reduce multicollinearity. The interaction terms were entered into a multiple regression model along with apathy and depression variables, with each of the cognitive domains as outcome measures. Results suggest that cocaine duration significantly moderated the relationship between apathy corrected t scores and memory deficits (B = 0.021, SE = 0.010, Beta = 0.335, p = 0.041).
Discussion
Our results suggest that depression was related to previous history of alcohol dependence, whereas apathy was related to previous history of cocaine dependence and age. This suggests that participants with a previous history of alcohol dependence should be screened for depression with the consideration that earlier treatment may lead to better cognitive outcomes. Furthermore, individuals with a previous history of cocaine dependence, as well as older individuals should be screened for apathy and should receive the appropriate targeted interventions.
Regarding the relationship between depression and apathy with cognitive deficits, our findings support the findings indicated in Rabkin et al. [11] , which suggest that apathy was not an independent predictor of neuropsychological test performance in PLWH. Rabkin et al., suggests that self-reported measures of apathy should be accompanied by observer reports, in order to improve measurement of this construct. Additionally, different scales of apathy were used. We examined apathy using the domain from the FrSBe, whereas the Rabkin study used the Apathy Evaluation Scale [50] . Thus, multiple scales have demonstrated no association with cognitive deficits. Castellon [12] found that apathy was related to working memory deficits. Though, we found that period of last cocaine use (cocaine duration) moderated the relationship between self-reported apathy and memory domain deficits, which was separate from the combined attention/working memory/executive function domain. Working memory was measured using C-SPAN in the Castellon study, whereas the present study used a combination of Trails A and B, Letter Number Sequencing and Stroop to measure working memory. Thus, there is a need to standardize construct measurement for both neurocognitive measures and measures of apathy. Additionally, we must understand the underlying factors which may be predictive of HAND and those that may overlap with depression. Furthermore, diagnosing HAND in individuals with current depression, requires deferring assessment until depressive episode has remitted for at least one month. Additionally, if the individual is a current substance user, cessation of substance use for at least one month must occur, before proper diagnostic assessment of HAND [49] . Considering the high prevalence of depression and substance use in this population, as well as the overlap between depression, substance use and HAND etiology, revision of HAND diagnostic criteria should be considered, to incorporate these comorbid conditions, rather than ruling them out, before determining HAND diagnosis.
Contrary to hypothesis 5, neither depression nor apathy was associated with HIV clinical variables. Perhaps this was related to the sample having good viral control, or it could be due to the influence of a host of other factors that might be related to viral control, depression and apathy such as: inflammation, age, sex, race, adherence to medication, etc.
Further neurological evidence is needed to distinguish between depression and apathy, so as to better inform clinical decision making with regard to treatment of these conditions in PLWH. Studies should examine the neurological correlates of depression and apathy, as previous studies have demonstrated differences in white matter integrity [6] and corpus collosum volume associated with apathy in PLWH [27] . Furthermore, markers of inflammation such as C-reactive protein and pro-inflammatory cytokines have previously been associated with higher levels of depression in PLWH [51, 52] . Though, there is little research on the relationship between apathy and these markers among PLWH. Self-reported information along with neuroimaging analysis and serum biomarker data, may provide for targeted behavioral and pharmacological treatments. Ances et al. [53] suggests that glycogen synthase kinase-3 beta (GSK-3b) inhibitors and serotonin reuptake inhibitors (SRIs) may be beneficial pharmacological treatments for individuals with HAND. SRI's may be a more effective treatment for individuals with a long history of depressive symptomatology. Psychostimulants, dopaminergics, or cholinesterase inhibitors may be an effective pharmacological treatments for apathy, depending on the specific etiology of the disorder [54, 55] . Targeted behavioral and pharmacological treatments may be more effective at reducing the risk of HAND or slowing progression. Clinicians should be aware that depressive symptoms can interact with HAND pathology to alter the symptoms patients endorse related to the disorder [49] . Furthermore, by accumulating cognitive, neuroimaging and self-report data into a multidimensional approach toward diagnosing apathy and depression, we may inform the development of an accurate prognostic indicator, which could be utilized in a clinic setting for more efficient screening for symptoms of HAND.
